https://mc06.manuscriptcentral.com/cjpp-pubs Moreover, parallel treatments in animals up-regulate brain-derived neurotrophic factor (BDNF). Thus, we investigated the effect of a motor rehabilitation protocol on PD symptoms and BDNF serum levels.
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INTRODUCTION
Parkinson's disease (PD) is a chronic neurodegenerative disease leading to motor dysfunctions characterized by resting tremor, bradykinesia, rigidity and postural instability (Gazewood et al. 2013) .
PD is caused by the progressive loss of dopaminergic neurons in the midbrain substantia nigra pars compacta, resulting in reduced dopamine level in the striatum (Ali et al. 2011) . Unfortunately, pharmacological treatments are able to reduce the symptoms, but do not block the disease progression (Worth 2013) and, on the long term, produce significant clinical motor and no motor side effects such as dyskinesia (Huot et al.2013 ) and impulse control disorders (Garcia-Ruiz et al. 2014; Sharma et al. 2015; Weintraub et al. 2009 ). For these reasons, in the recent years the scientific community has started to explore alternative non pharmacological therapeutic approaches.
Among them, therapeutic strategies based on physical rehabilitation have generated considerable interest in view of the fact that physical exercise may slow PD progression (Frazzitta et al. 2013; Mehrholz et al. 2010; Tomlinson et al. 2013) . Particularly, preliminary data indicate that the natural worsening of symptoms associated with PD can be contrasted by rehabilitation protocols based on physical therapy, in association with treadmill training and auditory and visual cues, thus reducing the need for increasing levodopa (L-dopa) doses (Frazzitta et al. 2010) . Nonetheless, despite these positive results, the mechanisms of action of these treatments and/or the biological correlates involved are still under investigation.
Interestingly, parallel treatments in animal models, such as physical exercise and environmental enrichment, may upregulate members of the neurotrophic factor family, including brain-derived neurotrophic factor (BDNF) (Bekinschtein et al. 2011; Gelfo et al. 2011) . and glial cell-derived neurotrophic factor (GDNF) (McCullough et al .2013) . BDNF is a potent trophic factor for the dopaminergic neurons of the substantia nigra (Hyman et al. 1991) and its involvement in PD is widely documented in animal models and humans. In rodent models, it has been demonstrated that fibroblasts D r a f t genetically engineered to produce BDNF prevented the loss of dopaminergic neurons in the substantia nigra after 6-hydroxydopamine or 1-methyl-4-phenylpyridinium (MPP)-induced lesion (Frim et al. 1994; Levivier et al. 1995) . Moreover, direct BDNF infusion in the brain of non-human primates has also shown to produce beneficial effects in the MPP experimental model by reducing cell loss and enhancing striatal innervations (Tsukahara et al. 1995) . In PD patients, expression of BDNF protein and mRNA is reduced in nigral neurons (Mogi et al. 1999; Parain et al. 1999) , together with reduced BDNF serum levels (Ricci et al. 2010; Scalzo et al. 2010 ).
These data suggest that BDNF may potentially represent a component of the mechanism of action of physical rehabilitation in PD. This is supported by data showing that BDNF peripheral levels may increase after physical exercise (Schmolesky et al. 2013; Vaughan et al. 2014 ). In addition, it was demonstrated that the increase in BDNF after physical training correlates with improvements in cognitive functions in aged non pathological subjects (Vaughan et al. 2014) as well as in patients affected by pathological conditions such as stroke (El-Tamawy et al. 2014 ) and depression (Pereira et al. 2013; Oral et al. 2012 ).
Thus, the aim of this study was to explore the relationship between the effects of a motor rehabilitation program (4-week cycle), consisting of a session of standard physical therapy and a session of treadmill and Wii Fit balance board training, and the changes in BDNF serum levels in a group of PD patients.
METHODS

Subjects
Nine (2 women, 7 men) rigid-akinetic subjects with a diagnosis of Parkinson's disease (Hoehn &Yahr:
II-III) were included in the study ( Subjects gave their written consent before participation in the study, which was approved by Local Ethic Committee (Prog. 299.04/29/2011). Table 1shows demographic and clinical characteristics at the beginning of the study. An overview of the experimental design is presented in Figure 1 .
Inclusion criteria
Inclusion criteria were the following: (i) absence of systemic and metabolic diseases; (ii) absence of uncertain and unclear history of chronic L-dopa treatment responsiveness; (iii) absence of brain lesions and/or marked cortical and subcortical atrophy on computed tomography (CT) and magnetic resonance (MR) scans; (iv) absence of cognitive impairment with a Mini Mental State Examination score <24 (Folstein et al. 1975 ); (V) pharmacological treatment only with L-dopa.
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Motor rehabilitation training (MRT)
MRT consisted of 4-week cycle of physiotherapy that entailed three daily sessions (2 sessions in the morning and 1 in the afternoon), 5 days a week (see Peppe et al. 2007 for further details on rehabilitation program).
The first session comprised the following types of exercises: The third afternoon session was a motor group therapy session in which the participants were subjected to the following exercises:
(a) Exercises to promote pectoral and hip girdle releasing; (b) Exercises to promote control of strength and movement velocity.
All subjects were able to perform the daily physiotherapy sessions and completed the motor rehabilitation program. None of them showed other clinical problems during the study time.
The follow up period had a duration of 60 days, from the end of training (T30) until the last data collection (T90).A CD-ROM with instructions to perform exercises aimed at limb co-ordination and muscle stretching (including active or assisted limb mobilization), stimulate postural control, and exercises to improve control of posture in different positions was given to each subject to practice daily at home for at least 1h per day (Peppe et al.2007 ). Subjects and care givers were previously trained at our Unit. The participant's adherence to the home exercises was monitored monthly by the care giver.
Clinical assessments (rating scales)
Clinical assessments, which included Unified Parkinson's Disease Rating Scale (UPDRS) part II (Peto et al. 1995; Zhang and Chan 2012) and 6 Minute Walking Test (6MWT) (Combs et al. 2014; Guyatt et al. 1985) , were collected at the beginning (T0), at the end (T30) and at 3 months after the end of the motor rehabilitation training (T90; Figure 1 ).
All clinical evaluations and blood tests were carried out 2 h after the first morning drug administration (in ON clinical status).
Blood sampling
Blood samples were taken in the morning (8.00-9.00 a.m, to avoid circadian variations) at the beginning (T0), 7 th (T7), 14 th (T14), 21 st (T21), and30 th (T30) days of motor rehabilitation training and at 90 th days, the end of the follow up period (T90) (Figure 1 Measurements were performed in duplicate and values are expressed as ng/ml. Cross-reactivity to other related trophic factors (NGF, NT-3; NT-4; TGFβ, TGFα) was less than 3% (Angelucci et al. 2008; Ricci et al. 2010 ).
Statistical analysis
The overall effects of motor rehabilitation training on clinical parameters and BDNF levels were analyzed by Friedman ANOVA. To investigate the possible short and long term changes in BDNF levels, post-hoc comparisons within logical sets of means were performed using the Wilcoxon Signed Rank test, the use of which is permissible or even recommended in absence of significant main or interaction effects in ANOVA in order to minimize frequency errors of both type I and II following the indications given by Wilcox (1987), pp. 187 -189) . P-values ≤0.05 were considered statistically significant. Statistical evaluations were performed by SPSS 12.0 software.
RESULTS
Effect of motor rehabilitation on PD rating clinical scales
Clinical evaluations were performed at the beginning (T0) and the end (T30) and at 3 months from the end of the motor rehabilitation training (T90).
D r a f t
Friedman ANOVA showed a significant main effect of the motor rehabilitation training on UPDRS II scale (p<0.05). Wilcoxon Signed Rank test showed that values at T30 were significantly reduced as compared to T0 (p<0.01) (Figure 2A ).
Friedman ANOVAs also showed a significant main effect of the motor rehabilitation training on UPDRS III (p<0.005) and UPDRS III -Gait and Balance items (p<0.01). Wilcoxon Signed Rank test showed that UPDRS III and UPDRS III -Gait and Balance values at T30 (p<0.01) and at T90 (p<0.05)
were significantly lower than those atT0 (Figure 2A) .
A significant effect of the treatment on PDQ-39 was also found (p<0.01) because the values at T30 (p<0.01) and T90 (p<0.01) were significantly lower versus T0 ( Figure 2B ).
Friedman ANOVA for 6MWT showed a significant effect of the treatment (p<0.05). The score obtained at T30 was significantly higher than that atT0 (p<0.01) ( Figure 2C ).
Effect of motor rehabilitation on BDNF serum levels
Friedman ANOVA did not show an overall effect of the motor rehabilitation training on BDNF serum levels (p<0.14). However, Wilcoxon Signed Rank test showed that BDNF serum levels were significantly elevated at T7 than at the baseline (p<0.005). After that (T14, T21, T30 and T90), BDNF levels were comparable to baseline values (T0) (Figure 3 ).
DISCUSSION
This study was performed to investigate whether a motor rehabilitation protocol based on physiotherapy and wii balance may have therapeutic effect and/or induce changes in BDNF serum levels in a group of hospitalized PD patients. Before and after the treatment (30 days) and in the successive follow-up (90 days from the beginning of the treatment) we evaluated PD symptoms by using the clinical scales and measured BDNF serum levels by ELISA. Our data demonstrate that the motor rehabilitation protocol adopted in this study is able to induce an improvement of extrapyramidal and motor symptoms and activities of daily living in PD patients.
These data are in line with previous studies showing that physical rehabilitation treatments are able to improve gait and balance in PD patients with a good rate of retention over time (Frazzitta et al. 2013 ).
In addition, other studies showed that Wii Fit balance board playing improves balance and gait in PD (Mhatre et al. 2013 ).
The molecular mechanisms of exercise-induced changes in PD are still not known. The fact that improvements of PD symptoms persisted after 3 months from the end of the treatment may indicate that permanent physiological changes may occur in the brain of PD subjects undergoing this type of rehabilitation program. This idea is also supported by animal studies showing that exercise may induce plastic changes in the brain leading to neuroprotective effects and reorganization of the compromised neuronal pathways (Kleim et al.2003) . In mouse PD models these effects are also associated to a slow of disease progression and neurorestoration (Lau et al. 2011) . Nonetheless, it cannot be excluded that persistence of improvements of PD motor symptom may be due to the continuation of training at home in the successive follow-up. If this is the case, it is possible that physiological changes observed are more linked to the effect of training on muscle strength, rather than plastic brain changes. Supporting this hypothesis, we found that BDNF is transiently elevated after 7 days from the beginning of the treatment and gradually return to baseline levels after that time. This finding is partially in line with the data obtained with a comparable protocol where an increase in BDNF levels in early stage PD subjects D r a f t versus placebo was observed after 10 days and remained increased throughout the treatment period (Frazzitta et al. 2014) . The reason for this difference is not clear. It is possible that the different disease stages of PD subjects have influenced the results. In addition, in that study PD subjects were administered rasagiline, a medication known to increase BDNF levels (Maruyama and Naoi 2013).
Therefore it is possible that sustained BDNF levels over time may be caused by exposure to such medication. Thus, the present data contribute to clarify this possible confounding factor.
Whether this temporary increase in BDNF may have beneficial effects in PD patients is not clear. It is known that neuronal pathway involved in PD manifestation is the progressive degeneration of the dopaminergic neurons in the substantia nigra (Michel et al. 2013) . BDNF is a potent trophic factor for these neurons (Hyman et al 1991) and is involved in synaptic plasticity (Gómez-Palacio-Schjetnan and Escobar 2013). Its potential involvement in PD is supported by the fact that PD patients are characterized by low levels of circulating BDNF (Scalzo et al. 2010 ) and antiparkinsonian drugs may increase these levels in PD mouse models (Gyárfás et al. 2010) . Moreover, similar treatments, such as physical exercise as well as environmental enrichment, may upregulate BDNF in the brain (Gelfo et al. 2011; Kleim et al. 2003) and confer resistance to neurodegeneration in PD rodent models (Lau et al. 2011 ). Nonetheless, the fact that BDNF increase is not sustained over time suggests caution on the possibility that beneficial effects of a rehabilitation program are associated with changes in BDNF neuronal synthesis. Other factors besides the physiological effects of strength training on the muscle itself (optimization of the mitochondrial capacity to produce ATP, increase mitochondria size and numbers, optimized use of energetic substrate, adaptation of the muscle type) (Barbieri et al. 2015) may contribute to explain these data, such as influence on motor learning and cardiorespiratory functions (Abbruzzese et al. 2015) .
On the other hand, these results are also in line with other studies showing the absence of long-lasting BDNF response to acute exercise or training (i.e. permanently increased basal peripheral BDNF D r a f t concentration) in healthy subjects or persons with a chronic disease or disability (Knaepen et al. 2010 ).
Thus it seems that exercise and/or training temporarily elevate basal BDNF and perhaps upregulate cellular processing of BDNF (i.e. synthesis, release, absorption and degradation). Subsequently, more BDNF could be released into the blood circulation which may, in turn, be absorbed more efficiently by central and/or peripheral tissues where it could induce a cascade of neurotrophic and neuroprotective effects. It remains unclear whether a temporary increase may be beneficial to the damaged dopaminergic neurons. In vitro studies suggest that cellular responses to BDNF may differ markedly depending on how BDNF is delivered. In cultured rat hippocampal neurons, acute and gradual increases in BDNF elicited transient and sustained activation of TrkB receptor and its downstream signaling, thus promoting neurite elongation and spine head enlargement, whereas sustained TrkB activation (as in case of permanent increase of BDNF levels) facilitated neurite branch and spine neck elongation (Ji et al. 2010) . These data, at least in animal models, suggest that even a temporary increase in BDNF levels may have beneficial effects in neurons. However, other studies are necessary to determine whether a transient BDNF increase in serum may contribute to the positive effects of physical training in PD patients. Furthermore, there are some limitation to our data interpretation. First, we are not measuring brain levels of BDNF although a correlation between central and peripheral BDNF levels has been suggested in animal models (Karege et al. 2002) and humans (Ziebell et al. D r a f t
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BDNF from the brain (Rasmussen et al. 2009 ). Third, the number of subjects is relatively small, given to the difficulty to recruit comparable subjects in term of age and disease stage in such programs of rehabilitation. Thus, the results should be interpreted with caution and need confirmation in larger samples. Fourth, in this study only rigid-akinetic PD subjects were investigated and thus we do not know whether this rehabilitation protocol may be also effective in other clinical profiles of PD, such us unilateral-tremor kind.
In addition, the influence of stressful conditions due to hospitalization on BDNF data cannot be excluded, although all patients were highly collaborative before and during the study time.
In conclusion, this study demonstrates that a rehabilitation protocol may produce improvements of motor symptoms in patients affected by PD. Moreover, continuation of training with home exercises by PD patients may contribute to make these motor improvements stable over time. This study also shows that BDNF serum levels are elevated early during the course of the treatment. 
